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ABSTRACT 

The XMM-Newton spectrum of the black hole candidate XTE J1652-453 shows a broad and 
strong Fe Ka emission line, generally believe d to originate from re flection of the inner ac- 
cretion disc. These data have been analysed by Hiemstra et al.l d201 ll) using a variety of phe- 
nomenological models. We re-examine the spectrum with a self-consistent relativistic reflec- 
tion model. A narrow absorption line near 7.2 keV may be present, which if real is likely the 
Fe xxvi absorption line arising from highly ionised, rapidly outflowing disc wind. The blue 
shift of this feature corresponds to a velocity of about 11100 km s _1 , which is much larger 
than the typical values seen in stellar-mass black holes. Given that we also find the source 
to have a low inclination (i < 32°; close to face-on), we would therefore be seeing through 
the very base of outflow. This could be a possible explanation for the unusually high velocity. 
We use a reflection model combined with a relativistic convolution kernel which allows for 
both prograde and retrograde black hole spin, and treat the potential absorption feature with a 
physical model for a photo-ionised plasma. In this manner, assuming the disc is not truncated, 
we could only constrain the spin of the black hole in XTE J1652-453 to be less than ~ 0.5 
Jc/GM 2 at the 90% confidence limit. 
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1 INTRODUCTION 

Black hole binaries (BHBs) are known to exhibit a number of active 
accretion states, each with different spectral and timing character- 
istics. Amongst these, the most prominent are the low/hard state 
(LHS), dominated by hard powerlaw-like emission which most 
likely arises due to Compton scattering, and the thermal-dominated 
state (TDS), where the X-ray spectrum displays the strong presence 
of thermal emission from an optically thick accretion disc. Between 
these two well known states lie a number of intermediate states, 
in which the Comptonised emission and the thermal d isc can con- 
tribut e co mparable amounts to the radiate d flux (see iHoman et al.l 
1200 ll and iRemillard & McClintoc3l2006l for a full description of 
spectral states in black hole binaries). 

It is often found that, in addition to this X-ray contin- 
uum, the spectra of accreting black holes - both stellar mass 
(M B h ~ 10 Mq) and supermassive (Mbh > 10 5 M Q ) 
black holes - display the presence of reflection features, aris- 
ing through irradiation of the "cold" accretion disc by the high 
energy Comptonised X-rays. Of these, the Fe Ka line is usu- 
ally the most prominent feature. Although this feature is atomic 
in nature and hence intrinsically narrow, the observed iron emis- 
sion line is often found to be very broad due to a combination 
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of the Dop pler effect and gravitational redshift close to the black 
hole (Fabian et al. 1989). The first observational detection of a 
broad Fe Ka line wa s found in the X-ra y spectrum of the Type I 
AGN MCG-6-30-15 hanaka et al]|l995h . and such features have 
since been see n in a very large number of objects ranging from 
neutro n stars I Bhatta charvva & Strohmavei 20071 ; ICackett et al.l 
' '20091; iReis et al l l2009bf). stellar mass 

black holes 



DiacK notes dMillei |2007| ; iBlum et alj l2009t IReis et all 12 009a ; 
Hiemstra et al j|201 1 ) and AGNs fanaka et al JI 1995t ' 



Fabian et al. 

20091 ; iMiniutti et al J 120091 ; ISchmoll et al.ll2009l; iBrenneman et al. 
201ll ; lReis et al.l201lh . Furthermore. lWalton et alj J2012h highlight 
the similarity of the broadened iron lines observed in black hole bi- 
naries and active galaxies, strongly supporting a relativistic disc 
reflection origin. Due to the fact that these lines are emitted from 
regions close to the central black hole, their profile offers infor- 
mation of the innermost regions of the accretion flow, and can 
be used to determine the inner radius of the accretion disc from 
which black hole spin can be inferred, under the assumption that 
this radius represen ts the innermost stable circular orbit (ISCO; 
Barde en et al Il972h . The other major signature of reflection is the 
Compton hump, a broad emission feature at ~30 keV which arises 
due to the relative interplay of photoelectric absorption of low en- 
ergy photons and Compton down scattering of high energy photons 
within the reflecting medium. This feature is also frequently ob- 
served in both stellar mass and supermassive black holes (see e.g. 
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Zdziarski et al Jl 1 9991. |2002|; iMiniutti et al|2004lCadolle Bel et alj 
2007l;IWalton et al.l2010l:lReis et alj20ld : lchiang & Fabiatj201 m . 



Being largely atomic in nature, reflection features are inde- 
pendent of black hole mass, providing the ideal method to mea- 
sure spin in both stellar mass black holes and their supermassive 
counterparts. It is also possible to measure the inner radius of the 
disc through direct study of the thermal disc emission, but detailed 
knowledge of the black hole mass and its distance are re quired 
dZhang et alJ[l997l;|Pavis eta0200dlMcClintock et alj|2006h. Re- 



cently, Ste iner et alj 1 2009b have shown that both the reflection fea- 
tures and the thermal continuum give similar estimates for the spin 
of the black hole binary XTE J 1550-564, undertaking one of the 
first major attempts at cross calibrating these two methods. 

In addition to these emission processes, if there is substantial 
intervening material along our line of sight to the black hole, this 
will imprint absorption features onto the observed X-ray spectrum. 
Complex absorption features are observed relatively frequently in 
both active galactic nuclei and X-ray binaries, although with some- 
what varying properties. In the latter case, the material usually ap- 
pears to be highly ionised and outflowing, suggesting an origin in 
some kind of wind launched from the inner regions of the accre- 
tion flow; For an excellent example, see the Chandra and XMM- 
Newton grating observations of the Galactic b lack hole transient 
GRO J1655-40 presented by dMiller et al.ll2006h . 

XTE J1652-453 is a new X-ray transient dis covered as part of 
the RX TE Galactic bulge scan performed in 2009 ( Ma rkwardt et alj 
2009b). Later observations by the Swi ft and RXTE indicate th e 
source is likely a black hole candidate ( Mark wardt etai]|2009ah . 
Simultaneous XMM-Newton and RXTE observations were taken 
during the decay of the 2009 outburst, in which the source was 
found to be in a hard-i ntermediate state, and originally presented by 
iHiemstra et alj d201 lb . These data show clear evidence for a strong 
and broad iron emission feature and, through considering a variety 
of physically motivated - albeit largely phenomenologically mod- 
elled - interpretations, the authors concluded that the accretion disk 
must extend as far in as ~ 4 gravitational radii (Rq — GM/c 2 ) 
from the central black hole. Under the standard assumption that 
this is the ISCO, this radius equates to a spin of ~ 0.5, although 
Hiem stra et alj d201lb argue that the disc may in fact be truncated 
at a radius larger than the ISCO, and that this should be consid- 
ered as a lower limit to the intrinsic spin of the system. A further 
curiosity unearthed by these authors is tha t, when using the fu lly 
self-consistent reflection code REFLIONX dRoss & Fabianll2005b to 
account for the line profile, the best fit model showed the pres- 
ence of a possible ionised absorption feature at ~7.2 keV, which 
although considered briefly, was ultimately dismissed as a poten- 
tial deficiency in the model. 

The purpose of the present work is to revisit the spin con- 
straint obtained for X TE J 1652-453 with the advent of the refbhb 
dRoss & FabiarJl2007b reflection model, which is self-consistently 
calculated for use with high temperature accretion discs present in 
black hole binary systems, and to investigate whether accounting 
for the absorption-like feature in a physical manner has any effect 
on this result. The paper is structured as follows: section 2 briefly 
outlines the data reduction, section 3 details our analysis of the 
broadband spectrum, section 4 discusses the results obtained and 
finally section 5 summarises our conclusions. 
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Figure 1. The figure shows the broad Fe line in the XMM PN spectrum 
of XTE J1652-453. The black data points present the spectrum without the 
CTI corrections, while the red ones stand for the CTI-corrected spectrum. 
A mild gain shift between these spectra can been seen in the figure. The line 
profiles in the spectra are almost identical. The small peak around ~ 8 keV 
comes from the background. 



2 DATA REDUCTION 

We reduced the XMM-Newton data using the Science Analysis 
Software (SAS) 10.0.1 with the latest calibration files. The Euro- 
pean Photon Imaging Camera (EPIC) PN was operated in timing 
mode, and we extracted source spectrum of the PN data using the 
RAWX columns i n [30:461 follow i ng the standard procedures and 
the initial work by IHiemstra et alj d201 lh . As was shown by these 
authors, the wings of the source point spread function (PSF) extend 
beyond the CCD boundaries and therefore there are no areas in the 
chip that is source free f rom w hich a background can be taken. 
However, Hiems tra et alj d201lb investigated in detail the effect of 
different background models and concluded that this has little in- 
fluence in any of the fit parameters of interest. For this reason we 
follow from their work and do not use a background and add the 
further note that the source count rate is over two hundred times 
higher than that of the contaminated background. 

As the EPIC-PN detector was operated in the fast-readout 
Timing mode, the effects of charge-transfer inefficiency (CTI) 
and/or X-ray loading (XRL) may not have been properly accounted 
for by the standard reduction pipelin resulting in a mismatch be- 
tween the energies of the instrumental edges (~2 keV) in the data 
and in the response matrices. Although strong residuals are not ob- 
served around these features in this case, the previous work on this 
source attempted to correct for any potential calibration uncertain- 
ties that remain with the epfast tool. However, as demonstrated by 
IWalton etall J2012b . the application of epfast can result in an in- 
correct energy scale at high energies, particularly around the iron 
line. Therefore, we test briefly whether this tool has any strong ef- 
fects on the results obtained. We find that in this case, owing to the 
much lower source count rate, epfast does not apply any significant 
correction, and the unmodified and EPFAST-modified data are fully 
consistent, as shown by Fig.Q] However, owing to the presence of 
an unidentified excess below 1.5 keV (such features features are 
frequently seen in Timing mode observations 1 ) we only fit the PN 
data above 2.2 kev and use the The Reflection Grating Spectrom- 
eter (RGS) between .4-2.0 keV, similar to the approach taken by 
IHiemstra et alj J201 lh . Similarly, we also used the RXTE Standard- 
2 data between 7 and 20 keV and the HEXTE data between 20 and 
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Figure 2. The figure shows the best fit of the simultaneous XMM-Newton 
and RXTE observations using model A. The black data points in upper panel 
belong to the PN spectrum, while the blue and cyan ones are of RGS 1 and 
RGS2, the red and green ones are of the PCA and HEXTE spectrum, respec- 
tively. The lower panel the data/model ratio of the fitting. Data points are 
re-binned for clarity. 



200 keV allowing for a constant of normalisation between all dif- 
ferent spectra. 



3 DATA ANALYSIS AND RESULTS 

As mentioned in the introduction, the XMM-Newton spectrum of 
XTE J1652-453 shows a broad, skewed line profile (see Fig. [TJ 
that is likely reflected emission from the inner part of the accretion 
disc a round the black hole. We refer the reader to iHiemstra et al.l 

1) for a detailed analysis of this source using a variety of 
phenomenological models. To cross-check with their results, we 
begin by reproducing the final model presented in that work, 
which consist s of a powerlaw co ntinuum, a thermal disk compo- 
nent (diskbb; Mitsud a et al . : 1984), and relativistic disc reflection. 
The l atter component is m odelled with the reflionx reflection 
code dRoss & Fabianll2005t). with the relativistic effects provided 
by the kerrconv ferenneman & Revnold"il2006h convolution ker- 
nel. Galactic absorption is also included, initially modelled with 
the phabs photoelectric absorption code, with JVh free to vary, 
and we also i nclude the additional absorption components origi- 
nally used by IHiemstra et al J d201lh . We obtained a spin parame- 
ter of ~ 0.5 ± 0.2, in excellent agreement with the published re- 
sult, and the other parameters in the model also agree well within 
statistical errors. The ~ 7.2 keV absorption line which has been 
reported by the authors is also present in our spectrum. As pre- 
viously mentioned, this feature was dismissed as a potential defi- 
ciency in the model. In order to check the validity of this claim, we 
proceed by modelling the broadband continuum with a physically 
self-consistent model including the latest reflection and relativistic 
convolution models. 

First we replaced the Galactic absorption model phabs with 




9 10 

Energy (keV) 



Figure 3. The figure shows a search of energy space between 6.4 and 1 1 
keV when fitting a narrow (10 eV) inverse Gaussian line to the spectrum. 
The y-axis shows the amount of the \ 2 changed after putting the inverse 
line. 



the latest high resolution model TBNEW0 (Wilms, Juett, Schulz, 
Nowak, 2012, in preparation), using the new solar abundances 
presented in that w ork. We then replaced the reflionx reflection 
model with refbhb jRoss & Fabian 2007), an d the k errconv con- 
volution kernel with RELCON\jf 1 Dauser et al]|2010l) . The refbhb 
reflection model has been calculated specifically for use with black 
hole binary systems, allowing for a hot accretion disc as opposed 
to the cool disc temperature with which reflionx was calculated, 
and including the thermal emission from this component self con- 
sistently both in the spectrum and when determining the disc ion- 
isation. The key free parameters of refbhb are the photon index 
of the illuminating continuum (F), which we require to be the 
same as the powerlaw continuum, the blackbody temperature of 
the accretion disc (kT), the surface hydrogen density of the accre- 
tion disc (nu), and the ratio of the illuminating and the blackbody 
fluxes (-Fin/fth). The relconv convolution model is very simi- 
lar to kerrconv, but this model also allows for a retrograde spin 
parameter. We make u se of t his co de assuming the limb darken- 
ing effects outlined by lLaoil dl99lh . Note that, owing to the lack 
of background correction, we also include an unresolved Gaussian 
feature at 8. 1 keV to account for the well known instrumental Cop- 
per featurfl With this new model (hereafter model A), we find 
that the extra absorpt ion component at ~ 1.4 keV mentioned in 
Hiemstra et ail J201 lh is not obvious in our fit, although the po- 
tential absorption features at ~7.2 and ~10keV are still present. 
This model otherwise provides a good fit to the data, as shown 
in Fig. [2] and the results obtained are presented in Tab le Q] We 
also include the results obtained by IHiemstra et alj J201 lh with the 
diskbb+reflionx combination for ease of comparison. 

There are some di fferences between our results and those 
of IHiemstra et alj q201 lh . We obtained a higher Galactic absorp- 
tion column JVh and a harder photon index F, although the for- 
mer at least is likely to be due to the different reflection model 
used in our work. We obtain a good agreement between the disc 
temperatures, as the temperature obtained with refbhb is the ef- 
fective disc temperature, w hich is known to be a factor of ~1.7 
dShimura & Takahardl995h less than the surface (or "colour") tem- 
perature obtained when using diskbb. The values of the emissivity 
profile index obtained in our models are also in close agreement. 



2 http://pulsar.sternwarte.uni-erlangen.de/wilms/research/tbabs/ 

3 http://ww.sternwarte.uni-erlangen.de/ dauser/research/relline/index.html 

4 http://xmm.vilspa.esa.es/docs/documents/CAL-TN-0068-0-l.ps.gz 
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The spin constraint of a* = 0.13 ± 0.29 obtained here, the main 
fo cus of this work, is m uch weaker than that originally presented 
bv lHiemstraeIai]j201lh (o* = 0.45 ± 0.02). 

3.1 Potential Absorption in the Fe-K Band 

The potential absorpti on features at ~7.2 a nd ~10keV were both 
originally reported bv lHiemstra et al. U20H . In order to investigate 
the statistical significance of these features with our new model, we 
added an inverse narrow (line width = 10 eV) Gaussian line, and 
systematically varied the line energy between 6.4 and 11 keV in 
60 steps. In Fig. [3] we plot the A\ 2 improvement gained with the 
addition of the narrow line as a function of the line energy. The po- 
tential features at 7.2 and 9.7 keV are clearly picked out, although 
their overall detection significances are not particularly high. The 
feature at 7.2 keV has the strongest detection significance of the 
two, but we estimate that this is only just greater than 2a; the equiv- 
alent width obtained is EW = -20±^ eV. If real, the most likely 
association of this feature is highly ionised iron absorption aris- 
ing in some outflowing disc wind. The closest transition is Fe xxvi 
Ka at 6.97 keV, although this would imply an outflow velocity of 
~ 11000 km s _1 , much higher than typically ob served for black 
hole binary disc winds (see e.g. iMiller et"al"]|2006t) . Unfortunately 
we were unable to find a suitable atomic association for the fea- 
ture at 9.7 keV that would imply a similar outflow velocity, so the 
nature and velocity (and even the presence) of the outflow remain 
unconfirmed. Furthermore, since this second feature does not effect 
the Fe K band, which is the primary focus of this work, we will not 
consider it further. 

Regardless of the strict statistical significance of the potential 
Fe xxvi absorption line, we wish to investigate what effect mod- 
elling this feature in a physical manner has on the spin constraint 
obtained. We therefore generated an ionised absorption model us- 
ing the xstar photoionisation code (v2.2.0). The ionising contin- 
uum was assumed to have a powerlaw shape over the 0. 1-20 keV 
energy range, and we adopted an ionising luminosity (1-1000 Ryd) 
of 10 38 erg s _1 , a typical value for bright stellar-mass black holes 
(the distance to this source is not yet well constrained). The tem- 
perature of the photoionised gas was fixed at 10 5 K, the turbulent 
velocity Vtmb at 150 km s _1 , and the iron abundance at the solar 
value. The free parameters of the generated model are the photon 
index of the ionising continuum, which was required to be the same 
as the powerlaw continuum component, the absorbing column den- 
sity (Nh), the ionisation parameter (log £) and the outflow velocity 
(in the form of the redshift of the gas, z). We also tested an absorp- 
tion model in which the assumed ionising continuum had a thermal 
shape, but the results obtained with these two models were in ex- 
cellent agreement so we only present the former case. 

We added this absorption component to the model including 
refbhb constructed above and re-fit the spectra (this shall hereafter 
be referred to as model B). This model of course fits the data well, 
and the results obtained are also quoted in Table Q] The absorbing 
gas is highly ionised, in accordance with the lack of absorption 
features in the RGS spectrum, and, as demonstrated by Fig. [4] only 
contritubes the absorption line at 7.2 keV. 

Model A and B yield similar results in most of the fitting pa- 
rameters. However, when we include the photoionised absorber 
to account for the possible Fe xxvi feature at 7.2 keV, while 
there is a loca l mini mum consistent with the result obtained by 
iHiemstra et alj d201 ll) and similar to the result obtained with model 
A, we find that the globally preferred solution has a maximal ret- 
rograde spin, with an upper limit of a* < —0.4. Fig.[5]shows the 
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Figure 4. The upper part of the figure shows the result fitted the data sets 
with model B, which includes an absorbing zone. The middle part shows 
the zoom-in data/model ratio from 2 to 20 keV, while the lower part of the 
figure shows the data/model ratio of the same energy range when the warm 
absorber is taken out from model B. It can be clearly seen that the absorbing 
zone only produces the absorption line around 7.2 keV. 



1-D x 2 confidence contours for the spin parameter in both cases. 
A further difference is the value of the inner disc inclination. The 
inclination obtained with the basic reflection model, i < 14°, is 
consistent with the previously published result, but the inclusion of 
the ionised absorber changes the inclination to i — 28 ± 3°, al- 
though there are also a series of local minima at lower inclinations. 
Fig.[6]shows the 1-D \ 2 confidence contours for the disc inclination 
for both cases. 

These changes suggest there may be some degeneracies be- 
tween the values obtained for the spin and the inclination of the 
system. Indeed, degeneracies in the blurring parameters have been 
found to be a issue during the app lication of reflection models to a 
number of other sources (see e.g. iNardini et al JI201 lh . In order to 
fully investigate this possibiliy, we show the 2-D confidence con- 
tours in the spin-inclination parameter space for model B in Fig. [7] 
The global minimum associated with a maximum retrograde spin 
and indicated with a bold cross, is associated with a higher inclina- 
tion, while the local minimum at an intermediate prograde spin is 
associated with a lower inclination. This would appear to confirm 
that there is indeed a mild degeneracy between these parameters. 
Given that it is not clear whether the feature at 7.2 keV is real or 
simply a statistical fluctuation, the only limit on the spin we can 
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Table 1. The Table below lists the fitting parameters from different model components and x 2 obtained by different models. The Galactic absorption column 
Ni { is given 10 22 cm" 2 . The index stands for the emissivity profile index in the convolution model (RELCON V for model A-C and KERRCON V for the work 
by Hiemstr a et alj feOllI) ), and a* and i stand for the spin parameter and the inclination angle, respectively. The absorption column Nm of the absorbing 
component is also given in 10 22 cm -2 , while the ionisation parameter £ is in erg cm s —1 . njj, kT and Fm/F^ are parameters of the REFBHB component. 
*A broken emissivity profile has been used in this model. The emissivity index has been set to be for inner part of the accretion disc and 3 for the outer 
region. 



parameter 


Model A 


Model B 


Model C 


Hiemstra et al. 


JVh (10 22 cm" 2 ) 

r 


7.07+!',^ 

—0.10 
2 10+ 002 


7.02 ± 0.11 

2 09+ 03 


7.01 ± 0.10 
2 09+ 03 


6.73 ± 0.01 
2.16 ±0.02 


index 

«bk (Rg) 

a* 

i 


2 6+°'° 
z - D -0.3 

0.13 ±0.29 

< 14° 


o -1+0.4 
°- x -0.3 

^ 0.6 
28 ± 3 ° 


fixed* 

o 1+4.0 
a -2.3 
unconstrained 

28+J ° 


2.7 ±0.1 

0.45 ± 0.02 
8.8 ±0.1 ° 


N m (10 22 cm" 2 ) 
log 5 

z 




> 2.3 

> 3.94 
-0 036+ 008 


> 2.2 

> 3.96 
-0 036+ - 008 




n H (10 19 cm" 2 ) 
kT (keV) 
Fm/Fth 


c n+0.3 
°' z -0.6 

0.38 ±0.01 
0.6 ±0.1 


7 y + 3.0 

— 2.2 

0.38 ± 0.01 
0.5 ± 0.1 


7.6±J;| 
0.38 ±0.01 
0.5 ±0.1 


0.59 ± 0.01 


Xl (x 2 /d.o.f.) 


1.04(2177.6/2095) 


1.04(2164.1/2092) 


1.04(2164.5/2092) 


1.26 (460.2/365) 



place with any confidence is a* < 0.5, although a maximum regro- 
grade spin remains a very intriguing possibility. 



3.2 Large Scale Height Corona 

An alternative geometry to a compact corona close to the event 
horizon is the possibility that the corona is located at a large vertical 
height from the accretion disc. In this scenari o, the emissivity index 
is expected to be flat up to a break radius dVaughan et al. I l2004h 
where beyond this it reverts to the traditional Newtonian value of 
3. Such geometry, if not properly accounted for, could potentially 
mimic a truncated accretion disc or a retrograde spin. We test this 
possibility by setting the inner emissivity index in model B to be 
up to a break radius (Rbk) and 3 beyond that. This fit (model 
C, Table [TJ yields a break radius of ~ 10i?G, which suggests that 
the corona is located at a similar vertical distance, and provides an 
equally good fit (reduced \ 2 = 2164.5/2092) to model B. From Fig. 
[5] we can see that the spin parameter is unconstrained if the corona 
is assumed to be at a large scale height. 



4 DISCUSSION 

We have re-analysed the simultaneous XMM-Newton and RXTE 
spectra of the black hole binary candidate XTE J 1652-453 obtained 
during the recent outburst displayed by this source in 2009. Our 
work focuses in particular on the relativistically broadened iron 
emission, with the purpose of making use of the new refbhb re- 
flection model to constrain the spin of the black hol e. The previous 
spin c onstraint of a* — 0.45 ± 0.02, published bv lHiemstra et alj 
J201 ]]), made use of the reflionx reflection model, which is cal- 
culated for use primarily with AGN. We also make use of the new 
convolution kernel relconv, which accounts for the relativistic ef- 
fects present in the regions close to a black hole, and crucially al- 
lows for black hole spins that are retrograde with respect to the ma- 



terial orbiting in the accretion disc. The decomposed components 
of the model have been shown in Fig. [8] 

We find first of all that, when using this new reflection model, 
the constraint on the black hole spin obtained, a* = 0. 13 ± 0.29, is 
much looser than the previously published result. This most likely 
reflects the differing scenarios for which refbhb and reflionx 
were created. Although the same physics and atomic data are in- 
cluded in both models, the former allows the disc temperature to 
be varied in a range suitable for the hot discs around BHBs, while 
the latter assumes a cool disc temperature of kT = 10 eV, more 
suitable for the discs around AGN. These higher temperatures nat- 
urally lead to a highly ionised disc and a more significant con- 
tritution to the bredth of the observed emission line from Comp- 
ton scattering during the reflection process, as Compton broadening 
becomes more important as the temperature of t he scattering elec- 
trons (and hence the disc temperature) increases JPozdnvakov et al] 
1983). Furthermore, we also found that there is a mild degeneracy 
between the black hole spin and the disc inclination, with higher in- 
clinations broadly leading to solutions with higher black hole spin. 
The combination of these factors naturally make it more difficult 
to strongly constrain the black hole spin, and lead to the updated 
constraints obtained in this work being less restrictive. 

Inspecting the residuals after modelling the spectrum with the 
basic disc reflection interpretation, we confirmed the possible exis- 
tence of a narr ow absorption feature at 7.2 keV. This was originally 
highlighted bv lHiemstra et alj d201 lh . but dismissed as a deficiency 
in the model used in that work. The persistence of this potential 
feature when using the best physically self-consistent black hole bi- 
nary reflection model currently available suggests that other expla- 
nation should be pursued. We stress that the inclusion of a Gaussian 
absorption feature only leads to a marginal improvement in terms of 
the quality of fit, so we do not consider the detection of this feature 
to be formally significant, and wish to reiterate the strong possi- 
bility that it merely arises through statistical fluctuations. However, 
it is also important to consider what effect this potential feature 
might have on the spin constraint obtained. With the inclusion of 
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Figure 5. The figure shows from top to down, the Goodness-of-fit versus 
spin parameter for XTE J1652-453 with model A-C. The global minimum 
of model B indicates a maximumly rotating retrograde black hole. However, 
see degeneracies shown in Fig. 7. Model C does not give a constrained value 
of the spin parameter. 
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Figure 6. Goodness-of-fit versus inclination angle of model A-C. For model 
A an inclination angle i < 14° is preferred. A global minimum of approx- 
imately 28° has been found with model B. However, note a series of local 
minima located below 10°. An inclination > 35° is rejected at greater than 
the 3cr level. 



an ionised absorption component, produced with the xstar pho- 
toionisation code, we find that the spin can only be constrained to 
be a* < 0.6 (when considering the 90% confidence contour for the 
combination of spin and inclination). This difference most likely 
arises due to the mild degeneracy between the spin and inclination 
mentioned earlier (shown in Fig.[7]l. The energy at which the resid- 
uals are seen is roughly coincident with the blue wing of the emis- 
sion line, which is the region of the line profile that has the strongest 
influence on the inclination obtained. The inclusion of this feature 
in the model changes the inclination, and hence changes the spin 
constraint. 

A black hole spinning in a retrograde manner with respect to 
the orbital motion of its accretion disc is a very interesting and 
unusual prospect. Retrograde spin can result in a large gap be- 
tween the ISCO and the event horizon, in which magnetic fields 
can gather and provide forces to power a jet. In fact there have 
been claims that retro grade spin may launch stronger ou tflows than 
prograde spin (e.g. Garofalo 2009; Garofalo et al. 2010; however, 
see lPe Villiers et alJl2005l ; lTchekhovskov & McKinnevll2012h . Of 
course, the possible retrograde spin obtained with model B depends 
not only on the assumption that the potential absorption feature is 
real, but also that the inner radius of the accretion disc is coincident 
with the ISCO of the black hole. It is well accepted that at low ac- 
cretion rates the inner disc actually truncates at some distant radius 
from the ISCO, although the ex act point at whic h this begins to 
happen is still hotly debated (e.g. lReis et alj|201ol) . The retrograde 
spin constraint obtained could simply imply instead that the source 
was observed when the disc was mildly truncated (7?i n ~ 107?g)- 

If the 7.2 keV absorption feature is real, its most likely identifi- 
cation is a blueshifted Fe xxvi absorption line arising in an outflow- 
ing disc wind, although the outflow velocity of v out ~ 10000 km 
s~ 1 implied is substantially higher than the velocities of < 1000 km 
s _1 typically observed from winds in black hole binaries. Never- 
theless, the energy of the line is not high enough for an identifica- 
tion with nickel, and invoking any other iron transition would re- 
quire an even higher outflow velocity. Outflow velocities of this or- 



der, or e ven larger, have frequen t ly been claimed in active galaxies 
(see e .g JPounds & Reeves 2009, Reev es et alj2009LlTombesi et al.l 
2010), and there has more recently been a detection of a similarly 
fast outflow in th e black hole binary candidate IGR J 1709 1-3624 
dKing etalj|201ll) . 

The slower disc winds more frequently observed in BHBs 
are observed predominantly at high disc inclinations, when we 
are observing the source close to an edge-on orientation. How- 
ever, our modelling would suggest this is not actually the case for 
XTEI1652-453. In this context, a relatively weak line with an un- 
usually high outflow velocity might not be so surprising; most nu- 
merical simulations of equatorial disc winds suggest that both the 
density and outflow velocity of such outflows evolve with the incli- 
nation at which they are observed, with the winds appearing more 
tenuous but with h igher outflow velocities w hen observed at low in- 
clinations (see e.g. lProga & Kallman 2002). An interesting alterna- 
tive origin for the l arge energy shift of this potential feature was re- 
cently proposed bv lGallo & FabiarJ ( l201ll) . who demonstrate that if 
the absorbing material originates close to the black hole and orbits 
with the accretion disc (as would be expected for a wind launched 
from the disc), the same effects that skew the emission from this 
region can also result in large shifts in the observed energies of ab- 
sorption features. However, in order to produce a narrow feature 
in this way, the absorbing material may need to be confined to a 
relatively narrow range of radii. 

We have also investigated the possibility that the Comptonis- 
ing corona could actually have a large scale height above the plane 
of the accretion disc (model C). In this scenario we find that the 
spin cannot be constrained. The primary constraint on the black 
hole spin comes from the extent of the red wing in the iron emis- 
sion line, which is directly related to the inner disc radius. Different 
emissivities result in different iron line profiles, with higher emis- 
sivity indices giving rise to stronger (but not more extended red 
wings) emission at lower energies compared to low emissivity in- 
dices. The low emissivity index assumed in this scenario naturally 
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Figure 7. The figure shows the contour plot of the spin parameter against 
the inclination angle of model B. The 90% contours span a wide range, 
indicating the possible spin parameter could be any value < 0.8. The red 
cross shows the best-fitting set of values by model B. 

makes it more difficult to constrain the spin given the low signal to 
noise in the present data. 



5 CONCLUSION 

We have analysed the simultaneous XMM-Newton and RXTE data 
of the black hole candidate XTE J1652-453. The spectra have been 
modelled using a sophisticated model which consists of a powerlaw 
continuum and a reflection component. We used the refbhb model, 
which is appropriate for stellar-mass black holes, to model the re- 
flected continuum. The convolution model we use allows for the 
possibility of retrograde spins. The possibility of a weak absorp- 
tion line at ~ 7.2 keV has been confirmed. Assuming this feature is 
real, it is likely associated with a blue-shifted Fe xxvi line, having 
an outflow velocity of ~ 1 1 100 km s , which is much higher than 
the general value seen in stellar-mass black holes, and is sim ilar to 
the newly found source IGR J 1709 1-3624 fang et al.11201 lh . 

A broad Fe ka line is also present, but our result indicates that 
the spin parameter of the source can only be weakly constrained 
under certain circumstances. However, if the corona is compact, as 
is generally assumed, we fin d an upper limit of a* ~ 0.5, broadly 
consistent with the result of iHiemstra et al.l d201 lh . Longer expo- 
sure and dynamic information would be extremely helpful in break- 
ing the degeneracies between the spin and inclination, and allow a 
much tighter constraint in the spin parameter. 
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